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1 INTRODUCTION 
 
1.1 Site Background 
 
Libby is a community in northwestern Montana located 7 miles southwest of a vermiculite mine 
that operated from the 1920s until 1990. The mine began limited operations in the 1920s and 
was operated on a larger scale by the W.R. Grace Company from approximately 1963 to 1990. 
Studies revealed that the vermiculite from the mine contains amphibole-type asbestos, referred 
to as Libby amphibole (LA). 
 
Epidemiological studies revealed that workers at the mine had an increased risk of developing 
asbestos-related lung disease (McDonald et al. 1986, 2004; Amandus and Wheeler 1987; 
Amandus et al. 1987; Whitehouse 2004; Sullivan 2007). Additionally, radiographic abnormalities 
were observed in 17.8 percent (%) of the general population of Libby including former workers, 
family members of workers, and individuals with no specific pathway of exposure (Peipins et 
al. 2003; Whitehouse et al. 2008; Antao et al. 2012; Larson et al. 2010, 2012a, 2012b). Although the 
mine has ceased operations, historic or continuing releases of LA from mine-related materials 
could be serving as a source of ongoing exposure and risk to current and future residents and 
workers in the area. The Libby Asbestos Superfund Site (Site) was listed on the U.S. 
Environmental Protection Agency (EPA) National Priorities List (NPL) in October 2002.  
 
1.2 Document Purpose 
 
Previous investigations conducted at the Site have demonstrated that LA is present in 
environmental source media (e.g., soil, tree bark, duff material) at locations in and around the 
mine. Sampling of soil, tree bark, and duff in the forested areas surrounding the mine occurred 
as part of the Phase I Sampling and Analysis Plan for Operable Unit 3 (OU3) (EPA 2007). Results of 
this sampling revealed that LA contamination extends well beyond areas that were historically 
actively mined (EPA 2013). Because LA contamination has been demonstrated to extend beyond 
areas where mining operations took place, the extent of LA contamination in the Libby Valley is 
unknown.  
 
In 2012, EPA conducted a study, referred to as the Nature and Extent of LA Contamination in the 
Forest, to characterize the nature and extent of LA contamination in the forested areas 
surrounding the Site (EPA 2012a). This document summarizes the results of this study. 
 
1.3 Document Organization 
 
In addition to this introduction, this report is organized into the following sections: 

Section 2 This section summarizes data management procedures, including sample collection, 
documentation, handling, custody, and data management.  
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Section 3 This section summarizes the design of the study, and describes the data that were 
collected in this study, the analytical methods used for estimating the level of LA in 
tree bark and duff, as well as the data reduction methods utilized in this report. 

Section 4 This section summarizes the results for data that were collected as part of this study, 
including an evaluation of the levels of LA in tree bark and duff. 

Section 5 This section presents the results of the data quality assessment, including a summary 
of program audits, modifications, data verification efforts, an evaluation of quality 
control samples, and a data adequacy assessment. 

Section 6 This section provides full citations for all analytical methods, site-related documents, 
and scientific publications referenced in this document. 

All referenced tables and figures are provided at the end of this document. All referenced 
appendices are provided electronically. 
 

  



 

 Data Summary Report: Nature and Extent of LA Contamination in the Forest  
August 2013 
Page 3 of 26 

2 DATA MANAGEMENT 
 
2.1 Sample Collection, Documentation, Handling, and Custody 
 
All samples generated as part of this study were collected, documented, and handled in 
accordance with Libby-specific standard operating procedures (SOPs), as specified in the 
governing sampling and analysis plan/quality assurance project plan (SAP/QAPP) (EPA 
2012a).  
 
All samples collected in this study were identified with sample identification numbers (IDs) 
that include a program-specific prefix of “NE” (i.e., NE-00079 and higher). Data on the sample 
type, location, collection method, and collection date of all samples were recorded both in a 
field log book maintained by the field sampling team and on a field sample data sheet (FSDS) 
designed to facilitate data entry into the field Scribe project database (see Section 2.4). All 
samples collected in the field were maintained under chain of custody (COC) during sample 
handling, preparation, shipment, and analysis. 
 
2.2 Analytical Results Recording 
 
Standardized data entry spreadsheets (electronic data deliverables, or EDDs) have been 
developed specifically for the Libby project to ensure consistency between laboratories in the 
presentation and submittal of analytical data. In general, a unique EDD has been developed for 
each analytical method and each medium. Each EDD provides the analyst with a standardized 
laboratory bench sheet and accompanying data entry form for recording analytical data. The 
data entry forms contain a variety of built-in quality control functions that improve the accuracy 
of data entry and help maintain data integrity. These spreadsheets also perform automatic 
computations of analytical input parameters (e.g., sensitivity, dilution factors, and 
concentration), thus reducing the likelihood of analyst calculation errors. The EDDs generated 
by the laboratories are uploaded directly into the Libby site database (see Section 2.4).  
 
2.3 Hard Copy Data Management 
 
Hard copies of all FSDSs, field logbooks, and COCs generated during this study are stored in 
the CDM Smith field office in Libby, Montana. Appendix A.1 of this report provides copies of 
the field documentation. 
 
All analytical bench sheets are scanned and included in the analytical laboratory job reports. 
These analytical reports are submitted to the Libby laboratory coordinator (i.e., EPA’s 
Environmental Services Assistance Team [ESAT] contractor, TechLaw) and stored 
electronically. Appendix A.2 of this report provides copies of all the analytical laboratory 
reports for analyses performed as part of this study.  
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2.4 Electronic Data Management 
 
Detailed information regarding electronic data management procedures and requirements can 
be found in the EPA Data Management Plan for the Libby Asbestos Superfund Site (EPA 2012b). In 
brief, sample and analytical electronic data are stored and maintained in the Libby Scribe 
project databases which are housed on a local computer located at the TechLaw office in 
Golden, Colorado, which is backed up daily to an external hard drive.  
 
Because data for the Libby project are maintained in multiple Scribe projects (e.g., analytical 
data are managed in annual projects, field information is managed in a project separate from 
the analytical information), the data have been combined into one Microsoft Access® database 
by CDM Smith reflecting a compilation of tables from multiple Scribe projects.  
 
Raw data summarized in this report were downloaded from Scribe.NET on 8/13/2013. A 
frozen copy of this Access database is provided in Appendix B of this report. Any changes 
made to these Scribe projects since this download will not be reflected in the Access database.  
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3 NATURE AND EXTENT OF LA IN THE FOREST STUDY 
 
3.1 Study Design 
 
The purpose of the study was to collect data on LA contamination in tree bark and forest duff 
that can be used to evaluate the nature and extent of LA levels in the forested areas surrounding 
the Site. Detailed information on this sampling study, including study-specific data quality 
objectives (DQOs) are provided in the governing SAP/QAPP (EPA 2012a).  
 
3.2 Sampling Locations 
 
A total of 51 locations1 were sampled from within a two-mile buffer extending beyond the NPL 
boundary located east of Kootenai Falls2 (see Figure 3-1). Sampling locations were placed in 
areas accessible via United States Forest Service (USFS) roads with adequate tree cover. To the 
extent possible, the precise sampling locations were placed in open areas that were not likely to 
have been substantially shielded from airborne deposition of asbestos by local features.  
 
3.3 Sample Collection 
 
Tree bark and duff samples were collected from October 8 to 18, 2012. For each of the 51 
locations, sampling began with the collection of one tree bark composite sample (composed of 
individual cores from three different trees). Following bark collection, one duff composite 
sample was collected, collecting duff materials near each of the three trees sampled for tree 
bark. The following subsections describe sample collection methods for tree bark and duff.  
 
3.3.1  Tree Bark 
 
Tree bark samples were collected in accordance with Site-specific SOP EPA-LIBBY-2012-12, 
Sampling and Analysis of Tree Bark for Asbestos, with modifications as specified in the governing 
SAP/QAPP (EPA 2012a). In brief, a hole saw and chisel were used to collect a circular bark 
sample from each of three trees, which was composited into a single sample for analysis of LA 
by transmission electron microscopy (TEM). Figure 3-2 provides example photographs of the 
collection of tree bark samples. Appendix C provides photographs for the collection of tree bark 
from all locations. 
 
 
 
 

                                                           
1 One additional sampling location was added to the 50 locations originally specified in the SAP/QAPP (see 
Section 5.2 for details). 
2 It was anticipated that the area west of Kootenai Falls would be sampled as part of another sampling 
effort, conducted specifically to support Operable Unit 7 (OU7; Troy). 
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3.3.2  Duff 
 
Samples of duff material were collected in accordance with Site-specific SOP EPA-LIBBY-2012-
11, Sampling and Analysis of Duff for Asbestos, with modifications as specified in the governing 
SAP/QAPP (EPA 2012a). In brief, at each specified sampling location, any fresh or partially 
decayed organic debris (e.g., twigs, leaves, pine needles) was collected by hand from the soil 
surface, taking care to ensure that the top layer of soil beneath the organic debris was not 
included in the duff material sample. Figure 3-3 provides example photographs of the collection 
of duff samples. Appendix C provides photographs for the collection of duff from all locations. 
 
3.4 Sample Preparation and Analysis  
 
This section discusses the sample preparation, analysis methods, and analytic stopping rules for 
tree bark and duff.  

3.4.1  Tree Bark 
 
3.4.1.1 Sample Preparation 
 
Tree bark samples were prepared and analyzed in accordance with the procedures specified in 
SOP EPA-LIBBY-2012-12, Sampling and Analysis of Tree Bark for Asbestos with modifications as 
specified in the governing SAP/QAPP. In brief, at the analytical laboratory, each composite 
sample (consisting of three bark cores) was dried and ashed, and an aliquot3 of the resulting ash 
residue was acidified, suspended in water, and filtered. The resulting filter was used to prepare 
a minimum of three grids using the grid preparation techniques described in Section 9.3 of 
International Standards Organization (ISO) Method 10312:1995(E) (ISO 1995). Any remaining 
ash material was archived for possible future analysis. 
 
For 10% of the tree bark samples, two additional filter replicates were prepared (using 
additional aliquots of the ash residue) and analyzed to gain an understanding of the within-
sample variability. These samples were selected post hoc by EPA (i.e., after the results had been 
received for the field samples) so that a range of LA levels in tree bark are represented.  
 
3.4.1.2 Analysis Method and Counting Rules 
 
Grids were examined by TEM in basic accordance with the recording procedures described in 
ISO 10312:1995(E), as modified by the most recent versions of Libby Laboratory Modifications 
LB-000016, LB-000029, LB-000066, LB-000067, and LB-000085. During the analysis, the analyst 
recorded the size (length, width) and mineral type of each individual asbestos structure that 
was observed. Only asbestos structures having a length greater than or equal to (≥) 0.5 

                                                           
3 See Section 5.2 for a description of a tree bark sample preparation deviation (as documented in Libby 
Laboratory Modification LB‐000092); affected samples are denoted in the Section 4 tables. 
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micrometers (µm) and an aspect ratio (length:width) ≥ 3:1, were recorded as countable 
structures. Mineral type was determined by selected area electron diffraction (SAED) and 
energy dispersive spectroscopy (EDS), and each structure was assigned to one of the following 
four categories: 
 

LA Libby-class amphibole. Structures having an amphibole SAED pattern and an 
elemental composition similar to the range of fiber types observed in ores from the 
Libby mine (Meeker et al. 2003). This is a solid solution series of minerals including 
winchite and richterite, with lower amounts of tremolite, magnesio-arfvedsonite, 
magnesio-riebeckite, and edenite/ferro-edenite. Depending on the valence state of iron, 
some minerals may also be classified as actinolite.  

 
OA Other amphibole-type asbestos fibers. Structures having an amphibole SAED 
pattern and an elemental composition that is not similar to fiber types from the Libby 
mine. Examples include crocidolite, amosite, and anthophyllite. There is presently no 
evidence that these fibers are associated with the Libby mine. 

 
CH Chrysotile fibers. Structures having a serpentine SAED pattern and an elemental 
composition characteristic of chrysotile. There is presently no evidence that these fibers 
are associated with the Libby mine. For the purposes of this study, chrysotile structures were 
recorded if observed, but chrysotile structure counting stopped after 25 structures were recorded. 

 
NAM Non-asbestos material. These may include non-asbestos mineral fibers such as 
gypsum, glass, or clay, and may also include various types of organic and synthetic 
fibers derived from carpets, hair, etc. Recording of NAM structures was not required. 

 
Meeker et al. (2003) also observed that most asbestos structures originating from the Libby 
vermiculite ore body contain detectable levels of both sodium and potassium, whereas other 
potential sources of LA may not.  Thus, information on the sodium and potassium content and 
mineral classification (e.g., tremolite, winchite), as determined by EDS, of each amphibole 
asbestos structure observed was also recorded.  
 
3.4.1.3 Stopping Rules 
 
The stopping rules for the TEM analysis of tree bark were as follows: 
 

1. Examine a minimum of two grid openings from each of two grids. 

2. Continue examining grid openings until one of the following is achieved: 

a. The target analytical sensitivity (100,000 per square centimeter [cm-2]) is 
achieved. 

 b. 50 total LA structures have been observed. 
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c. A total filter area of 1.0 square millimeters (mm2) has been examined (this is 
approximately 100 grid openings). 

 
When one of these criteria was satisfied, the examination of the final grid opening was 
completed and counting stopped.  
 
3.4.1.4 Results Reporting 
 
The results for each tree bark analysis are expressed in terms of surficial loading (million 
structures per square centimeter [Ms/cm2]) of tree bark. The surface loading of LA on tree bark 
is given by: 
 

Surface loading on tree bark (Lbark) = N · S / 1E+06 
 
where: 

Lbark = Surface loading on tree bark ( Ms/ cm2) 

N = Number of total LA structures observed 

S = Analytical sensitivity (cm-2) 

1E+06 = Conversion factor to report concentration in terms of million structures 

The analytical sensitivity is calculated using the following equation: 
 

FAAgoGO

EFA
S


  

where: 

 S = Sensitivity (cm-2) 

 EFA= Effective filter area (mm2)  

 GO = Number of grid openings counted 

 Ago = Area of one grid opening (mm2) 

 A = Area of tree bark sample being analyzed (cm2), calculated as: 

   A = Nc · [(π · (Dc/2)2) - (π · (Dp/2)2)] 

  where: 

   Nc = number of cores 

   π = pi (3.14159265…) 

   Dc = diameter of the core (centimeters [cm]) 
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   Dp = diameter of the pilot hole (cm) 

 F = Fraction of original sample deposited on the filter, calculated as: 

   F = Ma/Mt · A1/V1 · A2/V2 

  where: 

   Ma = mass of ash aliquot used in the suspension in grams (g) 

   Mt = total mass of ash (g) 

A1 = volume of suspension aliquot applied to filter in primary dilution 
(milliliters [mL]) 

   V1 = total suspension volume of primary dilution (mL) 

A2 = volume of suspension aliquot applied to filter in secondary dilution 
(mL) 

   V2 = total suspension volume of secondary dilution (mL) 

3.4.1.5 Combining Results from Multiple Replicate Filters 
 
The best estimate of the mean tree bark surface loading across a set of multiple samples is 
calculated simply by averaging the individual surface loading values. Note that samples with a 
count of zero (and hence a surface loading of zero) are evaluated as zero when computing the 
best estimate of the mean (EPA 2008). This approach yields an unbiased estimate of the true 
mean that does not depend on the analytical sensitivity of the samples included in the data set. 
 
3.4.2 Duff 
 
3.4.2.1 Sample Preparation 
 
Duff samples were prepared and analyzed in basic accordance with the procedures specified in 
SOP EPA-LIBBY-2012-11, Sampling and Analysis of Duff for Asbestos. In brief, at the analytical 
laboratory, each sample was dried, ashed, and an aliquot4 of the resulting ash residue was 
acidified, suspended in water, and filtered. The resulting filter was used to prepare a minimum 
of three grids using the grid preparation techniques described in Section 9.3 of ISO 
10312:1995(E). Any remaining ash material was archived for possible future analysis.  
 
For 10% of the duff samples, two additional filter replicates were prepared (using additional 
aliquots of the ash residue) and analyzed to gain an understanding of the within-sample 
variability. These samples were selected post hoc by EPA so that a range of LA concentrations in 
duff are represented.  

                                                           
4 See Section 5.2 for a description of a duff sample preparation deviation (as documented in Libby 
Laboratory Modification LB‐000092); affected samples are denoted in the Section 4 tables. 
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3.4.2.2 Analysis Method and Counting Rules 
 
Grids were examined by TEM in the same manner as described for tree bark samples in Section 
3.4.1.2.  
 
3.4.2.3 Stopping Rules 
 
The stopping rules for the TEM analysis of duff materials were as follows: 
 

1. Examine a minimum of two grid openings from each of two grids. 

2. Continue examining grid openings until one of the following is achieved: 

 a. The target analytical sensitivity (1E+07 per gram [g-1] dry weight) is achieved. 

 b. 50 total LA structures have been observed. 

c. A total filter area of 1.0 mm2 has been examined (this is approximately 100 grid 
openings). 

 
When one of these criteria was satisfied, the examination of the final grid opening was 
completed and counting stopped.  
 
3.4.2.4 Results Reporting 
 
The result for each duff analysis was expressed in terms of million structures per gram of duff 
(Ms/g) (dry weight). The concentration of LA in duff is given by: 
 

Cduff = N · S / 1E+06 
 
where: 

Cduff =  Duff concentration (Ms/g) 

N = Number of total LA structures observed 

 S = Analytical sensitivity (g-1) 

1E+06 = Conversion factor to report concentration in terms of million structures 

For duff, the analytical sensitivity is calculated as: 

 S = EFA / (GOx · Ago · Mass · F) 

where: 

S = Analytical sensitivity (g-1) 
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EFA = Effective filter area (mm2) 

GO = Number of grid openings counted 

Ago = Area of a grid opening (mm2)  

Mass = Mass of the dried (but not ashed) duff sample (g) 

F = Fraction of the dried duff sample applied to the filter, calculated as: 

   F = Ma/Mt · Va/Vt 

 where: 

  Ma = mass of ash aliquot used in the suspension (g) 

  Mt = total mass of ash (g) 

  Va = volume of suspension aliquot applied to filter (mL) 

  Vt  = total suspension volume (mL)  
 
3.4.2.5 Combining Results from Multiple Replicate Filters 
 
The best estimate of the mean duff concentration across a set of multiple samples is calculated 
simply by averaging the individual concentration values. Note that samples with a count of 
zero (and hence a concentration of zero) are evaluated as zero when computing the best 
estimate of the mean (EPA 2008). This approach yields an unbiased estimate of the true mean 
that does not depend on the analytical sensitivity of the samples included in the data set. 
 

3.4.3 Equipment Rinsate Water 

 
3.4.3.1 Sample Preparation 
 
All equipment rinsate water samples were prepared for asbestos analysis in accordance with 
the techniques in EPA Method 100.2, as modified by Libby Laboratory Modification LB-
000020A. In brief, all water samples were prepared using an ozone/ultraviolet treatment that 
oxidizes organic matter that is present in the water or on the walls of the bottle, destroying the 
material that causes clumping and binding of asbestos structures. Following treatment, an 
aliquot of water (generally about 50 mL) was filtered through a 25-millimeter diameter 
polycarbonate filter with a pore size of 0.1-µm with a mixed cellulose ester filter (0.45-µm pore 
size) used as a support filter. Approximately one quarter of the filter was used to prepare a 
minimum of three grids using the grid preparation techniques described in Section 9.3 of ISO 
10312:1995(E). 
 
 



 

 Data Summary Report: Nature and Extent of LA Contamination in the Forest  
August 2013 
Page 12 of 26 

3.4.3.2 Analysis Method and Counting Rules 
 
Grids were examined by TEM in the same manner as described for tree bark samples in Section 
3.4.1.2.  
 
3.4.3.3  TEM Stopping Rules 
 
The TEM stopping rules for equipment rinsate water samples were consistent with the 
analytical requirements specified in other water sampling efforts conducted at the Site. The 
stopping rules were as follows: 
 

1. Examine a minimum of two grid openings from each of two grids. 
2. Continue examining grid openings until one of the following is achieved: 

a. The target analytical sensitivity of 50,000 L-1 has been achieved.  
 b. 25 total LA structures have been observed. 
 c. A total filter area of 1.0 mm2 has been examined (this is approximately 

100 grid openings). 
 
When one of these criteria was satisfied, examination of the final grid opening was completed 
and counting stopped.  
 
3.4.3.4 Results Reporting 
 
The result for each equipment rinsate analysis was expressed in terms of million fibers per liter 
of water (MFL). The concentration of LA in water is given by: 
 

Cwater = N · S / 1E+06 

where: 

 Cwater = Water concentration (MFL) 

N = Number of LA structures observed 

 S = Analytical sensitivity (L-1) 

 1E+06 = conversion factor to report concentration in terms of million fibers 

For water, the analytical sensitivity is calculated as: 

 S = EFA / (GOx · Ago · V) 

where: 

 S = Analytical sensitivity (L)-1 

 EFA = Effective area of the filter (mm2) 
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 GOx =  Number of grid openings examined 

 Ago = Area of a grid opening (mm2) 

 V = Volume of water applied to the filter (liters [L]) 
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4 RESULTS 
 
Table 4-1 presents a tabular summary of the results for tree bark and duff. Figure 4-1 presents a 
map of these tree bark and duff results. In this map, tree bark results are shown as a circle 
symbol and duff results are shown as a triangle symbol. Each symbol is color-coded based on 
the reported LA level.  

 
4.1 Tree Bark 
 
As seen in Table 4-1 and Figure 4-1, LA was detected in 23 of 51 tree bark samples. Surface 
loading values of total LA for detected samples ranged from less than 0.01 to about 3 Ms/cm2, 
with most detected samples (14 of 23 samples) having less than 0.1 Ms/cm2. Only one sample 
had a surface loading value greater than 1 Ms/cm2. LA was detected in tree bark as far as 13.8 
miles from the mine, but there were no apparent spatial trends noted (i.e., locations in the 
downwind direction of the mine did not have concentrations that were different from locations 
in the upwind or crosswind direction).  
 
Of the 245 LA structures observed in the tree bark analyses, 227 structures (93%) were 
characterized as containing sodium and potassium, which suggests that they originated from 
the Libby vermiculite ore deposit. As shown in Figure 4-2, no spatial pattern was noted in the 
sodium and potassium content of LA structures recorded as part of this study (i.e., the 
frequency of structures with sodium and potassium did not appear to decrease as a function of 
distance from the mine).  
 
4.2 Duff 
 
As seen in Table 4-1 and Figure 4-1, LA was detected in 20 of 51 duff samples. Duff total LA 
concentrations ranged from 0.3 to 25 Ms/g, with most detected samples (16 of 20 samples) 
having less than 10 Ms/g. Four duff samples had LA concentrations greater than 10 Ms/g. LA 
was detected in duff as far as 16.9 miles from the mine. Similar to tree bark, there were no 
apparent spatial trends in the data; however, it is notable that three of the four duff samples 
with the highest concentrations of LA were in the downwind direction from the mine.  
 
Of the 72 LA structures observed in the duff analyses, 58 structures (81%) were characterized as 
containing sodium and potassium, which suggests that they originated from the Libby 
vermiculite ore. No spatial pattern was noted in the sodium and potassium content of LA 
structures (see Figure 4-2). 
 
4.3 Interpretation Relative to Other Datasets  
 
As noted previously, extensive data on LA in tree bark and duff were collected in the forested 
area near the mine site as part of the Phase I investigation for OU3 (EPA 2013). In the Phase I 
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study, 74 tree bark and duff samples were collected along seven transects extending 6-8 miles 
out from the mine site. Figure 4-3 presents a graph of the total LA levels in tree bark (Panel A) 
and duff (Panel B) as a function of distance from the mine for this study compared to the OU3 
Phase I investigation. As shown, tree bark surface loading values and duff concentrations tend 
to be highest in samples collected closest to the mine (within about 3-4 miles) with levels 
generally less than 1 Ms/cm2 for tree bark and 100 Ms/g for duff at distances beyond about 4 
miles. Tree bark and duff levels measured during this study were much lower than levels 
measured near the mine site, and were similar to or lower than levels measured beyond 4 miles 
from the mine site. 
 
These results show that there is the potential for LA exposure from disturbances of tree bark 
and duff in the forested areas surrounding Libby. However, it is not possible, based on tree bark 
and duff measurements alone, to determine if inhalation exposures would be of potential 
concern. This is because the amount of LA that could be released to air is dependent upon 
several factors, including the level of LA in the source material, source moisture content, 
meteorological conditions, and type and intensity of the disturbance activity. A determination 
of potential exposures would require measurements of air within the breathing zone of the 
exposed individual during representative disturbance activities. This type of sampling is 
referred to as activity-based sampling (ABS). Thus, ABS data would be needed to determine if 
disturbances of tree bark and duff in the forested areas surrounding Libby could result in 
unacceptable LA exposure levels. 
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5 DATA QUALITY ASSESSMENT 
 
Data quality assessment (DQA) is the process of reviewing existing data to establish the quality 
of the data and to determine how any data quality limitations may influence data interpretation 
(EPA 2006). 
 
5.1 Oversight 
 
5.1.1 Field 
 
Field surveillances assess field processes and activities to verify adherence to investigation-
specific requirements. Surveillances are similar to audits in this regard, but are intended to be 
more immediate in providing feedback to the surveyed party. The SAP/QAPP for this study 
originally identified that a field audit was to be performed; however, it was subsequently 
determined, based on consultation with the CDM Smith Quality Assurance (QA) manager, that 
a field surveillance would better meet the objectives of this study.  
 
A field surveillance was conducted during the sampling event on October 9, 2012, by a qualified 
CDM Smith QA staff member (CDM Smith 2012). In brief, tree selection (size and species), tree 
bark and duff sampling, equipment decontamination, global positioning system point collection 
and field documentation (including logbooks, photographs, and FSDSs) were reviewed. The 
following deficiencies were identified:  
 

1. Incorrect measurements of tree bark core diameter (circumferences were measured 
in the field but were recorded as measurements of diameter on the FSDS forms).  

2. One section of an FSDS was crossed out but not initialed and dated.  
3. Field documentation was not recorded on collection of tree bark samples from the 

“mine side” of the tree (i.e., the side of the tree facing the former vermiculite mine in 
Libby).  

 
Corrective measures were immediately taken at the time of the surveillance to address the 
identified deficiencies. 
 
5.1.2 Laboratory 
 
Laboratory audits are conducted to evaluate laboratory personnel to ensure that samples are 
handled and analyzed in accordance with the program-specific documents and analytical 
method requirements (or approved Libby laboratory modification forms) to make certain that 
analytical results reported are correct and consistent. All aspects of sample handling, 
preparation, and analysis are evaluated. If any issues are identified, laboratory personnel are 
notified and retrained as appropriate.  
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A series of laboratory audits was performed in May-September of 2012 to evaluate all of the 
Libby laboratories. Detailed audit findings for each laboratory are documented in separate 
laboratory-specific audit reports (Shaw Environmental & Infrastructure Group [Shaw E&I] 
2012a-g). No critical deficiencies were noted during the 2012 laboratory audits that would be 
expected to impact data quality for TEM analyses. 
 
5.2 Field and Laboratory Modifications 
 
All field deviations from, and modifications to, the governing SAP/QAPPs were recorded on a 
field Libby Record of Modification (ROM) form. The ROM forms are used to document all 
permanent and temporary changes to procedures contained in guidance documents governing 
the investigation that have the potential to impact data quality or usability. Any minor 
deviations (i.e., those that will not impact data quality or usability) have been documented in 
the field logbooks. Appendix D contains copies of all ROM forms associated with this study. 
 
One field modification (LFO-000170) was created that documented changes from sample 
collection and analysis methodology specified in the SAP/QAPP (EPA 2012a). As noted in this 
field ROM, the following changes were made during field collection efforts: 
 

 As requested by the USFS, an additional sampling location was added near the USFS 
Libby District’s Canoe Gulch Ranger Station.  

 Twenty-four sampling locations needed to be relocated due to inaccessibility from 
closed or decommissioned roads. The new locations were accessible and expected to be 
suitable substitutes for the original locations in terms of meeting the DQOs. All 
sampling locations shown in Figure 4-1 are representative of the new locations. 

 Collection of equipment rinsates was changed to one per team per day. The first rinsate 
collected was analyzed using high-priority turn-around time (TAT) to identify any 
potential cross-contamination/decontamination issues as quickly as possible.  

 

None of these field modifications are expected to have a negative impact on data quality or 
usability.  
 
One laboratory modification (LB-000092) was created that documented changes from the 
preparation methodology specified in the tree bark and duff collection and analysis SOPs. As 
documented this laboratory ROM, the following deviations occurred during the analysis of 
these samples: 

 One of the TEM laboratories misinterpreted the preparation procedures and only 
analyzed one of the three collected bark cores. In addition, when performing the two 
bark replicate analyses, the laboratory analyzed each of the two remaining cores, rather 
than two additional aliquots of the original ash residue.  

 This same TEM laboratory also misinterpreted the preparation procedures and split the 
unashed duff sample into several aliquots and only analyzed one aliquot. In addition, 
when performing the two duff replicate analyses, the laboratory analyzed two of the 
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archived unashed duff aliquots, rather than two additional aliquots of the original ash 
residue.  
 

The tree bark and duff samples affected by this laboratory modification are denoted in the 
Section 4 tables.  These deviations are not expected to have a negative impact on data quality; 
however, as a consequence of this deviation, the reported results for Replicate #1 for these 
samples are best interpreted as a grab sample and not a composite sample.  Additionally, the 
subsequent replicate analyses performed by this laboratory (see Section 5.4.1.3) are not true 
replicate analyses, but are more similar to field duplicates. Consequently, the variability in LA 
levels between replicate analyses for these samples may higher. 
 

5.3 Data Verification and Validation 
 
The Libby Scribe project databases have a number of built-in quality control checks to identify 
unexpected or unallowable data values during upload into the database. Any issues identified 
by these automatic upload checks were resolved by consultation with the field teams and/or 
analytical laboratory before entry of the data into the database. After entry of the data into the 
database, several additional data verification steps were taken to ensure the data were recorded 
and entered correctly. 
 
5.3.1 Data Verification 
 
In order to ensure that the database accurately reflects the original hard copy documentation, all 
data downloaded from the database were examined to identify data omissions, unexpected 
values, or apparent inconsistencies. In addition, 10% of all samples and analytical results 
underwent a detailed verification. Asbestos data verification involves comparing the data for a 
sample in the database to information on the original hard copy FSDS form or the original hard 
copy analytical bench sheets for that sample.  
 
Appendix E presents a detailed summary of the findings of the data verification efforts for this 
investigation. In brief, a total of 19 TEM analyses (8 tree bark analyses, 11 duff analyses) were 
reviewed in accordance with SOP EPA-LIBBY-09 as part of the data verification effort. There 
were no critical5 issues identified during the TEM verification effort.  Several non-critical 
discrepancies were identified during the TEM verification, in which data were either incorrectly 
recorded on the benchsheet or incorrectly transferred from the benchsheet to the EDD. Affected 
data fields included the laboratory name, laboratory sample number, and target sensitivity. 
 
Hard copy FSDS forms for all samples selected for TEM verification (8 tree bark samples, 11 
duff samples) were reviewed in accordance with SOP EPA-LIBBY-11. No critical issues were 
identified during the FSDS verification effort. 

                                                           
5 A critical discrepancy is defined as an issue that could influence the reported sample concentration or 
sample identification information. 
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All issues identified during the data verification effort were submitted to the field teams and/or 
analytical laboratories for resolution and rectification. All tables, figures, and appendices 
(including all hard copy documentation and the database [provided in Appendix A.1 and 
Appendix A.2, respectively]) generated for this report reflect corrected data.  
 
5.3.2 Data Validation 
 
Unlike data verification, where the goal is to identify and correct data reporting errors, the goal 
of data validation is to evaluate overall data quality and to assign data qualifiers, as 
appropriate, to alert data users to any potential data quality issues.  
 
Data validation is performed by the EPA Quality Assurance Technical Support (QATS) 
contractor (CB&I Federal Services, LLC [CB&I]), with support from technical support staff that 
are familiar with investigation-specific data reporting, analytical methods, and investigation 
requirements. For the Libby project, data validation of TEM results is performed in basic 
accordance with Libby-specific SOPs that have been developed based on the draft National 
Functional Guidelines (NFG) for Asbestos Data Review (EPA 2011).  
 
The EPA QATS contractor prepares an annual summary of the program-wide assessment of 
quality assurance and quality control (QA/QC). This annual addendum provides detailed 
information on the validation procedures performed and provides a narrative on the quality 
assessment for each type of analysis (e.g., TEM), including the data qualifiers assigned and the 
reason(s) for these qualifiers to denote when results do not meet acceptance criteria. This annual 
summary details any deficiencies, required corrective actions, and makes recommendations for 
changes to the QA/QC program to address any data quality issues.  
 
A copy of the program-wide 2010-2012 QA/QC Summary Report (CB&I 2013) pertaining to the 
data collected as part of this study is currently pending. When this report is finalized, it will be 
located on the Libby Lab eRoom. Interpretation of the data quality for this study is subject to 
change upon completion of this summary report. 
 
5.4 Quality Control Sample Evaluation 
 
5.4.1 Field Quality Control 
 
Field-based quality control (QC) samples are those samples that are prepared in the field and 
submitted to the laboratory for analysis concomitant with the field samples. Two types of field 
QC were collected as part of this study – field duplicates and equipment rinsate blanks. Field 
duplicates were collected for both tree bark and duff. Equipment rinsate blanks were collected 
for tree bark.  
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In addition to these field QC samples, for 10% of the tree bark and duff samples, two additional 
filter replicates were prepared (using additional aliquots of the ash residue) and analyzed to 
gain an understanding of the within-sample variability. These samples were selected post hoc by 
EPA so that a range of LA levels were represented.  
 
5.4.1.1 Field Duplicates 
 
Field duplicates for tree bark and duff are a second sample using the same collection technique 
as the parent field samples. Three field duplicates were submitted for tree bark and three were 
duplicates were submitted for duff. The number of duplicate samples met the frequency 
requirements of 5% for both types of environmental media as specified in the SAP/QAPP (EPA 
2012a). Field duplicates were blind to the analytical laboratories (i.e., the laboratory could not 
distinguish between field samples and field duplicates). Field duplicates were sent for analysis 
by the same method as the field samples. 
 
For tree bark and duff, the original and field duplicate sample results were compared using the 
Poisson ratio test recommended by Nelson (1982). As shown in Table 5-1, with the exception of 
one duff sample, results were not statistically different based on a Poisson ratio test comparison 
(90% confidence interval). For duff, the results of one field sample were higher than the paired 
field duplicate, meaning that the difference between the reported concentration values is more 
than would be expected based on analytic variability (i.e., Poisson counting error) alone. These 
results show that there may be a high level of expected variability in duff results due to inherent 
media heterogeneity.  
 
5.4.1.2 Equipment Rinsates 
 
Equipment rinsate samples are collected to evaluate potential contamination that arises to due 
inadequate decontamination of the sampling equipment utilized during tree bark collection 
(i.e., hole saw, chisel). Following decontamination efforts of the field sampling equipment used 
to collect tree bark, the decontaminated equipment was be rinsed with distilled water and the 
resulting rinsate collected for analysis by TEM. A total of eight equipment rinsate samples were 
collected. The first equipment rinsate was analyzed using a high-priority TAT, to ensure that 
any potential decontamination issues could be identified quickly and resolved. No asbestos 
structures were observed in this analysis. Other equipment rinsates were archived pending the 
completion of the analysis of the tree bark samples.  
 
Because nearly half of all tree bark samples collected as part of this study detected one or more 
LA structure, the remaining seven equipment rinsates were subsequently taken from archive 
and analyzed by TEM.  No asbestos structures were observed in any of the equipment rinsate 
analyses. The results demonstrate that asbestos was not introduced into the bark samples as a 
consequence of sample collection, decontamination, shipping and handling, or analysis.  
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5.4.1.3 Filter Replicates 
 
As noted above, 5 tree bark samples and 5 duff samples (10% for each media) were selected post 
hoc for the analysis of two additional filter replicates to provide information on the within-
sample variability.  Table 5-2 presents the results for the 10 samples selected for replicate 
analysis.  In this table, results for tree bark replicates are shown in Panel A and results for duff 
are shown in Panel B. Each replicate result was compared, on a pair-wise basis, using the 
Poisson ratio test recommended by Nelson (1982) based on a 90% confidence interval (CI).  
 
As shown in Table 5-2, with three exceptions, sample results were not statistically different 
(based on a 90% Poisson CI) across replicate analyses.  For sample NE-000087, the tree bark 
surface loading for total LA in Replicate #3 was lower than Replicate #2.  For sample NE-00219, 
the tree bark surface loading for total LA in Replicate #2 was lower than both Replicate #1 and 
Replicate #3. For sample NE-00228, the duff concentration for total LA in Replicate #1 was 
higher than both Replicate #2 and Replicate #3.  These results demonstrate the variability in the 
analysis results, even within an individual sample. 
 
As discussed in Section 5.2, for those tree bark and duff samples affected Libby laboratory 
modification LB-000092 (noted in Table 5-2), the replicate analyses performed are not true 
replicate analyses, but are more similar to field duplicates. Thus, it is not unexpected that 
between-replicate results would be more variable for the affected samples.  Two of the three 
replicates that were found to be statistically different (NE-00219 and NE-00228) were affected by 
this preparation modification. 
 
5.4.2 Laboratory Quality Control 
 
The Libby-specific QC requirements for TEM analyses of asbestos are patterned after the 
requirements set forth by the National Voluntary Laboratory Accreditation Program (NVLAP). 
In brief, there are three types of laboratory-based QC analyses for TEM – laboratory blanks, 
recounts, and repreparations. Detailed information on the Libby-specific requirements for each 
type of TEM QC analysis, including the minimum frequency rates, selection procedures, 
acceptance criteria, and corrective actions are provided in the most recent version of Libby 
Laboratory Modification LB-000029. 
 
Laboratory QC analyses will evaluated by the EPA QATS contractor on a program-wide basis 
rather than on an investigation-specific basis. The rationale for this is that the number of 
preparation and laboratory QC samples directly related to this study is too limited to draw 
meaningful conclusions regarding overall data quality. Refer to the pending program-wide 
2010-2012 QA/QC Summary Report (CB&I 2013) for information regarding program-wide data 
quality of the analytical laboratories. As noted previously, interpretation of the data quality for 
this study is subject to change upon completion of this summary report. 
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5.5 Data Adequacy Evaluation 
 
A comparison of the data collected as part of this study with the DQOs summarized in the 
governing SAP/QAPP (EPA 2012a) is presented below. 
 
5.5.1 Completeness 
 
The completeness of the dataset is described as a ratio of the amount of data expected from the 
field program versus the amount of valid data received from the laboratory. Valid data are 
considered to be those that have not been rejected during the validation process and have been 
verified at the specified frequency in the SAP/QAPP (EPA 2012a). Completeness can be 
expressed by the following equation: 
 

      (total number of valid results) 
Completeness =   x 100 

      (total number of requested results) 

As shown in Table 4-1, all collected tree bark and duff samples were successfully prepared and 
analyzed by TEM in accordance with the methods and recording rules specified in the 
SAP/QAPP (EPA 2012a). Based on the data verification and data validation presented in 
Section 5.3.1 and Section 5.3.2, respectively, the completeness of the sample set is 100% for both 
tree bark and duff.  
 
5.5.2 Analytical Requirements 
 
5.5.2.1 Tree Bark 
 
The stopping rules for the TEM analysis of tree bark were specified above in Section 3.4.1.2. 
Inspection of the detailed analytical results for tree bark (see Appendix A.2) shows that all 
analyses evaluated at least two grid openings from each of two grids. As shown in Table 4-1, all 
of the tree bark analyses met the target sensitivity of 100,000 cm-2, with most analyses achieving 
sensitivities even lower than the target. Thus, all tree bark analyses achieved the analytical 
requirements specified in the SAP/QAPP (EPA 2012a). 
 
5.5.2.2 Duff 
 
The stopping rules for the TEM analysis of duff were specified above in Section 3.4.2.2. 
Inspection of the detailed analytical results for duff (see Appendix A.2) shows that all analyses 
evaluated at least two grid openings from each of two grids. As shown in Table 4-1, all of the 
duff analyses met the target sensitivity of 1E+07 g-1, with most analyses achieving sensitivities 
even lower than the target. Thus, all duff analyses achieved the analytical requirements 
specified in the SAP/QAPP (EPA 2012a). 
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5.5.2.3 Equipment Rinsates 
 
The stopping rules for the TEM analysis of equipment rinsates were specified above in Section 
3.4.3.2. Inspection of the detailed analytical results for equipment rinsates (see Appendix A.2) 
shows that all analyses evaluated at least two grid openings from each of two grids and met the 
target sensitivity of 50,000 L-1, with most analyses achieving sensitivities even lower than the 
target. Thus, all equipment rinsate analyses achieved the analytical requirements specified in 
the SAP/QAPP (EPA 2012a). 
 
5.5.3 Evenness of Filter Loading 
 
The TEM analysis of filters generated from tree bark and duff samples examines only a portion 
of the total filter. For the purposes of computing the tree bark surface loading or duff 
concentration in the sample, it is assumed that the filter is evenly loaded. The assessment of 
filter loading evenness is evaluated using a Chi-square (CHISQ) test, as described in ISO 10312 
Annex F2. If a filter fails the CHISQ test for evenness, the reported result may not be 
representative of the true concentration in the sample, and the results should be given low 
confidence. Inspection of the p values for the tree bark and duff analyses shows that all filters 
passed the CHISQ test for evenness (i.e., p value > 0.001). Thus, it is concluded that uneven 
filter loading is not of significant concern for the samples analyzed in this study. 
 
5.5.4 Data Adequacy Conclusions 
 
Based on the data adequacy assessment presented above it is concluded that the data generated 
during this study meet the DQOs stated in the governing SAP/QAPP and results are adequate 
to support the data evaluations presented in this report. 
 
5.6 Data Quality Conclusions 
 
Taken together, these results indicate that data collected as part of this study are representative, 
of acceptable quality, and considered to be reliable and appropriate for use. 
  



 

 Data Summary Report: Nature and Extent of LA Contamination in the Forest  
August 2013 
Page 24 of 26 

6 REFERENCES 
 
Amandus, H.E., and Wheeler, R. 1987. The Morbidity and Mortality of Vermiculite Miners and 
Millers Exposed to Tremolite-Actinolite: Part II Mortality. American Journal of Industrial Medicine 
11:15-26. 
 
Amandus, H.E., Wheeler, P.E., Jankovic, J., and Tucker, J. 1987. The Morbidity and Mortality of 
Vermiculite Miners and Millers Exposed to Tremolite-Actinolite: Part I Exposure Estimates. 
American Journal of Industrial Medicine. 11:1-14. 
 
Antao, V.C.,Larson, T.C., Horton, D.K. 2012. Libby vermiculite exposure and risk of developing 
asbestos-related lung and pleural diseases. Current Opinion in Pulmonary Medicine 18(2):161-167. 

CB&I Federal Services, LLC (CB&I). 2013. 2010-2012 QA/QC Summary Report for the Libby 
Asbestos Superfund Site. [report in preparation] 
 
CDM Smith (CDM Federal Programs Corporation). 2012. Field Surveillance Report: OU4 Nature 
and Extent of LA Contamination in the Forest. October 19, 2012. 
 
EPA. 2006. Guidance on Systematic Planning Using the Data Quality Objectives Process – EPA 
QA/G4. U.S. Environmental Protection Agency, Office of Environmental Information. 
EPA/240/B-06/001. February. http://www.epa.gov/quality/qs-docs/g4-final.pdf 
 
____. 2007. Phase I Sampling and Analysis Plan for Operable Unit 3 Libby Asbestos Superfund Site. 
U.S. Environmental Protection Agency, Region 8, Denver, CO. September 26, 2007. 
 
____. 2008. Framework for Investigating Asbestos-Contaminated Sites. Report prepared by the 
Asbestos Committee of the Technical Review Workgroup of the Office of Solid Waste and 
Emergency Response, U.S. Environmental Protection Agency. OSWER Directive #9200.0-68. 
http://epa.gov/superfund/health/contaminants/asbestos/pdfs/framework_asbestos_guidan
ce.pdf 
 
____. 2011. National Functional Guidelines for Asbestos Data Review. U.S. Environmental Protection 
Agency, Office of Superfund Remediation and Technology Innovation. Draft – August. 
 
____. 2012a. Sampling and Analysis Plan/Quality Assurance Project Plan: Nature and Extent of LA 
Contamination in the Forest. Libby Asbestos Site, Operable Unit 4. Produced by CDM Smith for 
the U.S. Environmental Protection Agency, Region 8. Revision 0 – August 2012 
 
____. 2012b. EPA Data Management Plan, Libby Asbestos Superfund Site. U.S. Environmental 
Protection Agency, Emergency Response DATA Team. Version 2012.1 – January 18, 2012. 
 



 

 Data Summary Report: Nature and Extent of LA Contamination in the Forest  
August 2013 
Page 25 of 26 

____. 2013. Libby Asbestos Superfund Site Operable Unit 3 Data Summary Report:  2007 to 2011. 
Produced by CDM Smith for the U.S. Environmental Protection Agency, Region 8. Final - March 
2013. [document in preparation] 
 
International Standards Organization (ISO). 1995. Determination of asbestos fibres – Direct-transfer 
transmission electron microscopy method. International Organization for Standardization Ambient 
Air. ISO 10312:1995(E). 

Larson TC, Meyer CA, Kapil V, Gurney JW, Tarver RD, Black CB, and Lockey JE. 2010. Workers 
with Libby Amphibole Exposure: Retrospective Identification and Progression of Radiographic 
Changes. Radiology 255(3):924-933. 
 
Larson TC, Lewin M, Gottschall EB, Antao VC, Kapil V, Rose CS. 2012a. Associations between 
radiographic findings and spirometry in a community exposed to Libby amphibole. Occup 
Environ Med. 69(5):361-6. 
 
Larson TC, Antao AC, Bove FJ, Cusack C. 2012b. Association between Cumulative Fiber 
Exposure and Respiratory Outcomes Among Libby Vermiculite Workers. J. Occup. Environ. 
Med. 54(1): 56-63. 
 
McDonald, J.C., McDonald, A.D., Armstrong, B., and Sebastien, P. 1986. Cohort Study of 
Mortality of Vermiculite Miners Exposed to Tremolite. British Journal of Industrial Medicine 43:  
436-444. 

 
McDonald, J.C., J. Harris, and B. Armstrong. 2004. Mortality in a cohort of vermiculite miners 
exposed to fibrous Amphibole in Libby, Montana. Occup. Environ. Med. 61:  363-366. 

 
Meeker GP, Bern AM, Brownfield IK, Lowers HA, Sutley SJ, Hoeffen TM, Vance JS. 2003. The 
Composition and Morphology of Amphiboles from the Rainy Creek Complex, Near Libby, 
Montana. American Mineralogist 88:1955-1969. 
 
Nelson, W. 1982. Applied Life Data Analysis. John Wiley & Sons, New York. pp 438-446. 

 
Peipins, L.A., M. Lewin, S. Campolucci, J. A. Lybarger, V. Kapil, D. Middleton, A. Miller, C. eis,  
M. Spence, and B. Black. 2003. Radiographic Abnormalities and Exposure to Asbestos-
Contaminated Vermiculite in the Community of Libby, Montana, USA. Environmental Health 
Perspectives 111:1753-1759. 
 
Shaw E&I (Shaw Environmental & Infrastructure Group). 2012a. Summary on-site audit report for 
EMSL Analytical, Inc. in Denver, CO. Prepared by Shaw E&I, EPA QATS contractor. Document 
ID No. 1019-06262012-1; June 26, 2012. 

_____. 2012b. Summary on-site audit report for EMSL Analytical, Inc. in Beltsville, MD. Prepared by 
Shaw E & I, EPA QATS contractor. Document ID No. 1019-07262012-2; July 26, 2012. 



 

 Data Summary Report: Nature and Extent of LA Contamination in the Forest  
August 2013 
Page 26 of 26 

_____. 2012c. Summary on-site audit report for EMSL Analytical, Inc. in Libby, MT. Prepared by 
Shaw E & I, EPA QATS contractor. Document ID No. 1019-09132012-1; September 13, 2012. 

_____. 2012d. Summary on-site audit report for EMSL Analytical, Inc. in Cinnaminson, NJ. Prepared 
by Shaw E & I, EPA QATS contractor. Document ID No. 1019-07262012-1; July 26, 2012. 

_____. 2012e. Summary on-site audit report for the ESAT Region 8 Laboratory in Golden, CO. 
Prepared by Shaw E & I, EPA QATS contractor. Document ID No. 1019-06262012-2; June 26, 
2012. 

_____. 2012f. Summary on-site audit report for Hygeia Laboratories, Inc. in Sierra Madre, CA. 
Prepared by Shaw E & I, EPA QATS contractor. Document ID No. 1019-08242012-1; August 24, 
2012. 

_____. 2012g. Summary on-site audit report for Reservoirs Environmental, Inc. in Denver, CO. 
Prepared by Shaw E & I, EPA QATS contractor. Document ID No. 1019-10182012-1; October 18, 
2012. 

Sullivan, P.A. 2007. Vermiculite, Respiratory Disease and Asbestos Exposure in Libby, Montana: 
Update of a Cohort Mortality Study. Environmental Health Perspectives 115(4):579-585. 

Whitehouse AC. 2004. Asbestos-related pleural disease due to tremolite associated with 
progressive loss of lung function: serial observations in 123 miners family members, and 
residents of Libby, Montana. Am. J. Ind. Med. 46:219-225.  

Whitehouse, A.C, C. B. Black, M.S. Heppe, J. Ruckdeschel and S.M. Levin. 2008. Environmental 
exposure to Libby asbestos and mesotheliomas. Am. J. Ind. Med. 51:877-880. 

 

 



 

Data Summary Report:   
Nature and Extent of LA Contamination in the Forest 

Libby Asbestos Superfund Site, Libby, Montana 
 

 

 

FIGURES  



 
 
 
 
 
 
 
 

This page intentionally left blank to facilitate double-sided printing. 
  



Libby

Canoe Gulch

9

8

7

6

5

4

3

2

50

49

48

47

46

45

44

43

42

41

40

39

38

37

36

35

34

33

32

31
30

29

28

27

26

25

24
23

22

21

20

19

18

17

16

15

14

13

12

11

10

Ko
ote

na
i R

Libby Cr

Fis
he

r R

Pipe Cr

Big Cherry Cr

No Cr
Bobtail Cr

Flower Cr

Bear Cr

Quartz Cr

Gr
an

ite
 Cr

Dunn Cr

Deep Cr

Buck Cr

Ceda
r C

r

Rainy C
r

Wolf Cr

Doe Cr

Blue Cr

Cody Cr

Leigh Cr

Fa
wn

 Cr

Barron Cr

Bristow Cr

Bull Cr

Canyon Cr

Alder Cr

Parmenter Cr

Swamp Cr

Snell Cr

Smearl Cr

Cow Cr

Getner Cr

Harris Cr

Elliot Cr

Doak Cr

Brush Cr

Pecolet Cr

Rice Cr

Co
we

ll C
r

Warland Cr

Horse Cr

Quartz Cr WF

Prospect Cr

Butler Cr

Jackson Cr NF

Snow Cr

McMillan Cr

Snowshoe Cr

Ale
xa

nd
er 

Cr

Ric
ha

rds
 C

r

Detgen Cr

Lost Cr

Cripple Horse Cr

Vian Cr

Michaels D
raw

Squaw Cr

Ho
od

oo
 C

r

Wing Cr

Tub Gulch

Peoples Cr

Flower Cr SF

Dad Cr

Cont
act

 Cr

Peace Cr

Williams Gulch

Ariana Cr

Jackson Cr

Fivemile Cr

Burrell Cr

Crazyman Cr

Bo
b C

 Cr

Carney Cr

Jo
hn

so
n D

raw

Swede Gulch

No
isy

 C
r

Mi
tch

ell
 C

r

Jackson Cr SF

Little Cherry Cr

Souse Cr

Lamoka Cr

Little Jackson Cr

Granite Cr WF

Rans
om

e C
r

Pa
rm

en
ter

 C
r S

F

Wyoma Cr

Seve
rn Gulch

Kennedy Gulch

Shaughnessy Cr

Terg
e C

r

Thomas Gulch

Canoe Gulch

Low
ery

 Gulch

Hu
nte

r G
ulc

h

Williams Cr

Ev
ere

tt C
r

Ste
rlin

g G
ulc

h

Ca
ble

 C
r

Reinshagen Gulch

Parmenter Cr NF

Cripple Horse Cr SF
Hickey Cr

Se
ve

nte
en

mi
le 

Cr

Canyon Cr NF

Hennesy Cr

Tepee Cr

T29N R30W

T30N R30W

T31N R31W

T29N R31W

T31N R30W

T29N R29W

T30N R31W

T31N R29W

T30N R29W

T29N R32W

T32N R31W

T30N R32W

T31N R32W

T32N R30W T32N R29W

T28N R29W

T32N R32W

T28N R30WT28N R31W
T28N R28W

T31N R28W

T30N R28W

T32N R28W

T29N R28W

13
1

2456

5

8

8

1

3

7

3

4
4 3

5

5

2 1

9

2

1

4

9

3

8

9

8

8

8

1

5

8

6

2

9

1

4

8

9

3

8

2
2

8

8

7

9

14

1

5

8

3

1

5

9

2

9

9

1

9

9

8

8
8

5

8

9

2

8

9

8

6

7

4

4

3

2

8

9

3

8

9

6

9

3
34

5

9

1

2
4

9

9

8

7

2

5
5

4

8

7

7

6

5

3 1

7

7

6

5

4 2

1

1

5 4

7

4

5

3

23

3

6

7

8

2 5

6

4

2

1

5

7

7

8

6

4

7

7

6

9

6

7

6

7

6

7

6

7

7

6

6

7

11

11

11

11

11

11

11

11

11

11

11

11

11

11

11

11

11

11

11

2627

10
10

24

13

20

12

16

31

32

15

35

22

12

14

33
32

12

15

25

34

17

25

29

23

10

34

21

15

12

25

29

12

12

13

13

20

16

22

2120

16

17

33

15

24

36

24

16

22

28

21

33

13

24

27

25

10

33

17

22

32

29

22

35

36

23

20

24

34

17

15

14

22

13

32

27

35

17

20

22

26

23

28
29

35

21

10

17

33

25

12

13

17

22

16

24

13

27

32

13

36

15
13

22

15

13

29

36

28

32

26

12

17

24

22

26

20

36

29

34
34

15

22

30

27

36

27

24

36

32

14

27

15

32

16

36

28

10

19

29

14

20

35

27

22

25

33

17 15

28

16

36

29

12

10

33

24

10

12

26

20

28

34

21

34 36

33

10

35

27

35

16

23

17

35

20

25

21

32

21

13

10

23

31

17

14

24

23

17

21

35

27

13

14

14

17

28

33

26

17

20

25

12

34

26

36

17

23

24

32

13

21

26

22

17

28

33

25

24

23

15

14

19

20

15

27

15

24

35

16
17

21

18

16

25

14

29

29

27

29

17

26

29

10

16

27

24

34

12

34

28

35

36

23

21

16

24

17

20

12

17

20

15

18

26

30

33

21

27

29

26

21

14

32

21

28

16

28

31

31

13

2526

20

29

16

10

10

32

20

25

20

28

25

13

16

21

29

34

18

20

34

23

32

19

12

20

19

31

23

12

16

10

13

14

12

16

36

15

20

14

20

26

18

10

15 14

27
28

23

20

16

33

23

14

33

32

15

28

22

26

30
28

19

35

21

15

10

22

35

12

23

35

13

12

10

34

30

12

10

10

29

32

16

29

21
22

18

31

20

30

22

12

21

22

15

14

21

25

17

13

24

24

19

23

14

14

24

29

22

30

23

35

34

14

31

13

36
33

29

36

35

23

17

24

252627

13

1718

30

26

18

20

34

23

14

19

30

23

34

18

32

31

18

18

24

19

5

19

36

30

19

18

30

31

25

31

19

19

31

19

33

18

31

18

19

30

30

4

25

18
17

19

28

21

1618

18

30

19

31

26

19

20

30

31

18

30

31

3

19

19

18

27

19

18

29

30

30

18

2

32

28

7

31

29

1

2526 30

56

27

3

4

28

9

3

29

2

30

1

7

6

4

4

9

56

9

30

10

16

7

3

19

15

18

21

25

22

2

26

28

27

27

31

1

33

30

2829

19

25

18

30

30

19

16

18

21

16

6

28

21

33

28

6 5 4

33

3 2 1

33 34

763

22
8

615

600

27
8

68

533

36

40
1

334

333

23
1

534

866

530

4654

4614

762

867

75
5

4791

47
42

4912

4925

53
6

12
8

566

4921

835

4904

48
72

4596

525

4613

6146

4913

61
99

4821

4784

4805

534B

765

4768

4756

4400

4792

533A

6736

764

47
27

47
74

4753

6787

4667

4866

6209

68B

40
2

4772

61
44

46
96

6236

601

4828

48

399

6203

755L

6212

4690

48
16

47
28

2364

6704

4614B

4827

566F

6739

6738

4790

4729E

6740

4864

62
05

B

4859

755P

4666

4874

47
53

A

4888

4786

61
44

D

4939

1018

872

4805G

566I

4614D

4912Y

48
16

J

47
21

4860

4907

4662

4805D

4854

53
3J

4818

6292

4776B

5016

47
70

48
78

4769

5804

4758

47
45

6144B

6205

4671

755F

47
72

B
10

32

539

4917

4768H

4730

4742D

863-2

4738C

4768K

40
2D

53
3G

6205D

4803A

47
85

47
38

4652

4813

67
05

50
90

4904G

4667C

61
44

A

4772G

4776

4922

46
81

4734

538

33
2

4696H

4770D

4895

2396

4916

4817

47
36

4665

4727B

768

67
24

533L

4596B

4879

866E

4908

4888B

6245

4772A

533B

4851
4654B

4904C

4924

14
41

3

4696J

4908A

566J

4791N

62
03

E

4696A

4728C

567D

62
01

534E

4923

5805

4666B

4613C

5106

14445

534A

14
50

4

4953

14
45

7

755J

4783

68
23

4885

47
56

D

4658

4820

4873

4774B

4689

14537

4886

49
11

6203B

44
00

D

533E

4772E

4729D

86
6A

6200

533P

601A

4772D

47
68

G

5033

6787C

866D

4667D

601B

4613D

61
45

4696C

866B

6288

4772C

6705A

14
43

4

533F

4817B

14464

4791V

4592E

4853

61
99

E

48
57

5172

536E

14
46

8

4674

4745A

4696F

47
68

J

4912U

5185

755C

6203D

47
51

14509

4729

4771

4752

4721A

4921C

4816S

14
44

3

4656

4750

46
54

C

4596E

4727J

6236A

4655

4756E

53
3M

4696E

67
87

A

14496

50
18

14425

5094

4888C

47
55

53
18

4828A

6872

5182

53
3K

4721D

4690D

14483

14
49

7

4697

867F

48
70

4913I

4598A

14472

47
42

N

6738A

4400A

6199C

62
03

C

4691

48
29

6787D

5107

6191A

4690A

48
56

49
04

E

5139

6191

128F

4667B

14409

4772F

62
14

40
2F

4768N

14433

4721F

6200D

5223

4727H

46
13

E

4494

47
53

C

5126

61
44

E

4774A

350B

46
13

G

867D

4791T

5010

53
6B

14488

4857D

4598

755H

4803

5018A

5288

14429

4690E

4756A

5344

14407

6209A

6209F

5235

14460

14490

14401

402J

4785A

14
53

4

4592D

47
68

F

10
03

402E

60
1C

5184

5125

2364B

14454

4613H

14
56

6

14563

67
87

B

99865

5100

872A

50
88

601D

4821A

5181

4791A

4807

50
17

5020A

4753N

48
70

A

5341

4768M

6736F

47
56

F

46
67

A

4666A

4742J

866F

4804

14417

755I

4914

5813

53
48

62
14

F

863A

4753B

4916A

4803B

48
72

B

7942

6209B

5183

5145

4752A

4742H

6205A

4816D

14462

14435

53
3D

40
2L

14633

4738A

533C

5016C

14
42

4

14410

532

4728B

14418

14
41

4

4598C

14442

4784B

4872A

47
91

W

4778

48
07

B

14485

47
34

B

5041

14416

53
6C

6199A

5151

53
6D

47
53

H14415

4598B

14517

48
16

H

6212M

5019

4742F

5239

50
27

14444

5178

14
42

0

4849

50
22

4822

4890

4934

4753D

6209L

14402

5020

5093

4820B

14565

14451

4829A

535

14408

5278

4922B

14412

4613F

47
42

E

14519

6199D

4654E

768D

4776C

67
04

A

62
00

F

14494

5083

14456

14464A

5016B

4742B

4881

5040

4913N

14573

14463

75
5G

6209E

4690B

14564

4904K

4825

51
51

A

4908B

5126A

53
6F

51
28

4736A

4776A

45
96

A

14465

58
05

B

14411

5346

40
1M

52
40

4792D

14
42

3

4730B

14481

4772I

4696D

755E

14422

14
49

8

4772J

5016A

4733

14492

867G

14461
45

92
-3

4613A

5082

4906

4808

27
8L

14454A

47
27

E

46
90

C

51
58

27
8H

14455

6212H

5022A

46
13

B

14482

5226

62
03

A

5301

14538

14499

534D

4727C

4822C

14440

46
13

K

4820A

4816B

99
45

2

4758F

4681J

4872E

46
90

F

14486

539D

14
53

9

536H

58
04

D

4821F

14436

6209M

4769A

6212L

5150

4774C

51
73

52
80

14510

68Y

5036

99
85

7

14526

7286

53
8C

99865D

350

4758D

5191

4932

4785D

4614A

4734C

47
69

B

14487

14449

5197

68
23

4822

4592-3

4813

51
45

4822

Ant Hill

Dunn Peak

Tony Peak

Weir Peak

Poker Hill

Lindy Peak

Gopher Hill

Alaska Peak

Smoky Butte

Houser Peak

Indian Head

Bockman Peak

Flower Point

Snowy, Mount

Blue Mountain

Sugarloaf Mtn

McKay Mountain

Brush Mountain

Lightning Peak

Swede Mountain

Fisher Mountain

Norman Mountain

Quartz Mountain

Fleetwood Point

Sterling, Mount

Scenery Mountain

Sheldon Mountain

Samater Mountain

McMillan Mountain

McDonald Mountain

Big Loaf Mountain

Richards Mountain

Treasure Mountain

Parmenter Mountain

Alexander Mountain

Riverview Mountain

Gus Brink Mountain

Big Hoodoo Mountain

Vermiculite Mountain

Little Hoodoo Mountain

Tree Bark Duff 
Sample Locations

 

Legend
TreeBark_Duff_SampleLocations

Libby Ranger District Boundary

Major Highways

County Roads

NFSR Roads & Restrictions
Open Yearlong

Seasonal Restriction

Restricted Yearlong to Motor and Snow Veh

Restricted Yearlong to Motor, Open Snow Veh 12/01-04/30

Other Roads

Lakes & Rivers

SIT_NPL_BNDS

Wilderness

Ownership
BLM

Corp of Eng

FS

MT_State

Other_Private

Plum_Creek

Stimson_Lumber

USFWP

T29NR30W

T30NR30W

T31NR31W

T29NR31W

T31NR30W

T29NR29W

T30NR31W

T29NR32W

T31NR29W

T30NR29W

T32NR31W

T30NR32W

T32NR29WT32NR30W

T31NR32W

T32NR32W

T28NR29WT28NR30WT28NR31WT28NR32W T28NR28W

T32NR28W

T31NR28W

T30NR28W

T29NR28W

T29NR33W

T33NR28WT33NR29W

T30NR33W

0 1 2 3 40.5
Miles

1:63,360

µ
Data Sources:
NPL Boundary - U.S. EPA Region 8 (2011);
Timber Sales and Precommercial Tree Thinning - MT DNRC (2011)
Base - USFS (2012)

La
ke

 K
oo

ca
nu

sa

H
ig

h
w

a
y 2

Highway 2

Highway 2

Highway 2

Highway 37

F
D

R
 2

2
8

P
ip

e 
C

re
ek

PisciottaDM
Oval

PisciottaDM
Callout
location off of USFS Rd 4444 (#1)

PisciottaDM
Oval

PisciottaDM
Callout
Additional location approved by EPA for USFS (#51)

MEADAM
Rectangle

MEADAM
Typewritten Text

MEADAM
Typewritten Text
  Tree Bark Duff
Sample Locations

MEADAM
Typewritten Text

MEADAM
Typewritten Text

MEADAM
Typewritten Text

MEADAM
Typewritten Text

MEADAM
Typewritten Text

MEADAM
Typewritten Text
Figure 3 - 1

MEADAM
Typewritten Text

MEADAM
Typewritten Text

MEADAM
Typewritten Text

MEADAM
Rectangle



 

Figure 3‐2 

Example Photographs of Collection of Tree Bark Samples  
 

 



Figure 3‐3 
Example Photographs of Collection of Duff Samples  
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NaK = EDS for the structure included both sodium and potassium

LA = Libby amphibole

SPATIAL PATTERN OF SODIUM AND POTASSIUM CONTENT OF LA STRUCTURES OBSERVED IN TREE BARK AND DUFF
FIGURE 4‐2
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Panel A: Tree Bark Surficial Loading

Panel B: Duff Concentration

Figure 4‐3
Tree Bark and Duff Levels of LA as a Function of Distance from the Mine
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TABLE 4‐1
NATURE AND EXTENT OF LA IN TREE BARK AND DUFF FROM THE FOREST

Sample ID
Sensitivity 

(cm‐2)
N Total LA 
Structures

Sample ID
Sensitivity 

(g‐1)
N Total LA 
Structures

Location #01 14.9 NE‐00139 6.3E+04 0 0.00 0.00 ‐ 0.12 NE‐00140 8.8E+06 0 0.0 0.0 ‐ 16.9

Location #02 12.5 NE‐00209 2.4E+04 13 0.3 * 0.20 ‐ 0.49 NE‐00210 3.5E+05 0 0.0 * 0.0 ‐ 0.7

Location #03 11.3 NE‐00211 1.3E+04 2 0.03 * 0.01 ‐ 0.07 NE‐00212 3.2E+05 1 0.3 * 0.1 ‐ 1.3

Location #04 9.2 NE‐00213 2.9E+04 12 0.4 *+ 0.21 ‐ 0.55 NE‐00214 4.7E+05 3 1.4 * 0.5 ‐ 3.3

Location #05 11.8 NE‐00141 6.3E+04 0 0.00 0.00 ‐ 0.12 NE‐00142 1.0E+07 0 0.0 0.0 ‐ 19.2

Location #06 11.8 NE‐00143 9.3E+04 0 0.00 0.00 ‐ 0.18 NE‐00144 9.9E+06 1 9.9 1.7 ‐ 38.8

Location #07 10.7 NE‐00145 9.3E+04 0 0.00 0.00 ‐ 0.18 NE‐00146 9.6E+06 1 9.6 1.7 ‐ 37.6

Location #08 11.1 NE‐00201 6.7E+03 1 0.007 *+ 0.00 ‐ 0.03 NE‐00202 1.2E+06 1 1.2 * 0.2 ‐ 4.9

Location #09 5.8 NE‐00223 1.5E+04 2 0.03 * 0.01 ‐ 0.08 NE‐00224 2.1E+06 1 2.1 * 0.4 ‐ 8.1

Location #10 4.7 NE‐00225 8.6E+04 4 0.3 * 0.14 ‐ 0.73 NE‐00226 8.4E+05 18 15.1 * 10.1 ‐ 21.9

Location #11 3.4 NE‐00221 3.7E+04 27 1.0 * 0.72 ‐ 1.35 NE‐00222 5.8E+05 4 2.3 * 1.0 ‐ 4.9

Location #12 5.1 NE‐00215 1.3E+04 0 0.00 * 0.00 ‐ 0.03 NE‐00216 4.8E+05 6 2.9 * 1.4 ‐ 5.4

Location #13 8.0 NE‐00217 6.7E+03 1 0.007 * 0.00 ‐ 0.03 NE‐00218 1.2E+06 0 0.0 * 0.0 ‐ 2.4

Location #14 4.5 NE‐00115 2.8E+04 4 0.1 0.05 ‐ 0.24 NE‐00116 7.1E+06 0 0.0 0.0 ‐ 13.6

Location #15 3.3 NE‐00229 4.5E+03 3 0.01 * 0.00 ‐ 0.03 NE‐00230 2.8E+06 2 5.7 *+ 1.6 ‐ 15.7

Location #16 5.0 NE‐00227 1.3E+04 6 0.08 * 0.04 ‐ 0.15 NE‐00228 3.6E+06 7 25.4 * 13.2 ‐ 45.3

Location #16 5.0 NE‐00242 6.1E+04 0 0.00 * 0.00 ‐ 0.12 NE‐00243 4.6E+05 3 1.4 * 0.5 ‐ 3.2
L ti #17 6 2 NE 00231 1 3E+04 13 0 2 * 0 11 0 27 NE 00232 3 4E+06 6 20 4 * 10 0 38 0

Poisson 90% CI 
on Conc. 
(Ms/g)

Duff

Location

Approx. 
Distance 
from Mine 
Site (miles)

Tree Bark
Poisson 90% CI 
on Surface 
Loading 

(Ms/cm2)

Surface 
Loading 

(Ms/cm2)

Conc. (Ms/g, 
dw)

Location #17 6.2 NE‐00231 1.3E+04 13 0.2 * 0.11 ‐ 0.27 NE‐00232 3.4E+06 6 20.4 * 10.0 ‐ 38.0

Location #18 7.6 NE‐00079 2.6E+04 0 0.00 0.00 ‐ 0.05 NE‐00080 4.0E+05 0 0.0 0.0 ‐ 0.8

Location #18 7.6 NE‐00081 1.1E+04 0 0.00 0.00 ‐ 0.02 NE‐00082 4.9E+05 0 0.0 0.0 ‐ 0.9
Location #19 6.7 NE‐00207 3.6E+04 1 0.04 0.01 ‐ 0.14 NE‐00208 5.1E+06 4 20.4 8.5 ‐ 43.1

Location #20 7.7 NE‐00087 2.3E+04 110 2.6 2.18 ‐ 2.98 NE‐00088 5.7E+05 0 0.0 0.0 ‐ 1.1

Location #21 9.5 NE‐00233 1.5E+04 0 0.00 *+ 0.00 ‐ 0.03 NE‐00234 2.9E+06 3 8.8 * 3.2 ‐ 20.7

Location #22 11.7 NE‐00093 4.1E+04 0 0.00 0.00 ‐ 0.08 NE‐00094 7.8E+05 0 0.0 0.0 ‐ 1.5

Location #23 13.2 NE‐00091 2.8E+04 0 0.00 0.00 ‐ 0.05 NE‐00092 1.1E+06 0 0.0 0.0 ‐ 2.1

Location #24 11.8 NE‐00135 1.3E+04 0 0.00 0.00 ‐ 0.02 NE‐00136 9.8E+06 0 0.0 0.0 ‐ 18.9

Location #25 10.5 NE‐00131 1.3E+04 0 0.00 0.00 ‐ 0.03 NE‐00132 4.1E+06 0 0.0 0.0 ‐ 7.9

Location #26 12.2 NE‐00133 1.2E+04 1 0.01 0.00 ‐ 0.04 NE‐00134 4.5E+06 1 4.5 0.8 ‐ 17.5

Location #27 9.7 NE‐00129 2.1E+04 2 0.04 0.01 ‐ 0.12 NE‐00130 6.2E+06 0 0.0 0.0 ‐ 11.9

Location #28 7.6 NE‐00119 7.7E+03 0 0.00 0.00 ‐ 0.01 NE‐00120 4.8E+06 0 0.0 0.0 ‐ 9.3

Location #29 6.1 NE‐00117 1.1E+04 0 0.00 0.00 ‐ 0.02 NE‐00118 3.3E+06 0 0.0 0.0 ‐ 6.2

Location #30 15.5 NE‐00157 6.3E+04 0 0.00 0.00 ‐ 0.12 NE‐00158 9.7E+06 0 0.0 0.0 ‐ 18.6

Location #31 16.0 NE‐00155 6.3E+04 0 0.00 0.00 ‐ 0.12 NE‐00156 9.7E+06 1 9.7 1.7 ‐ 38.0

Location #32 16.9 NE‐00153 6.3E+04 0 0.00 0.00 ‐ 0.12 NE‐00154 9.8E+06 1 9.8 1.7 ‐ 38.1

Location #33 16.3 NE‐00149 6.3E+04 0 0.00 0.00 ‐ 0.12 NE‐00150 9.7E+06 0 0.0 0.0 ‐ 18.6

Location #34 13.8 NE‐00104 4.2E+04 1 0.04 0.01 ‐ 0.17 NE‐00105 3.4E+06 0 0.0 0.0 ‐ 6.6

Location #35 12.7 NE‐00108 5.1E+04 0 0.00 0.00 ‐ 0.10 NE‐00109 2.0E+06 0 0.0 0.0 ‐ 3.9
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TABLE 4‐1
NATURE AND EXTENT OF LA IN TREE BARK AND DUFF FROM THE FOREST

Sample ID
Sensitivity 

(cm‐2)
N Total LA 
Structures

Sample ID
Sensitivity 

(g‐1)
N Total LA 
Structures

Poisson 90% CI 
on Conc. 
(Ms/g)

Duff

Location

Approx. 
Distance 
from Mine 
Site (miles)

Tree Bark
Poisson 90% CI 
on Surface 
Loading 

(Ms/cm2)

Surface 
Loading 

(Ms/cm2)

Conc. (Ms/g, 
dw)

Location #36 9.6 NE‐00095 5.1E+04 0 0.00 0.00 ‐ 0.10 NE‐00096 5.8E+06 0 0.0 0.0 ‐ 11.2

Location #37 11.1 NE‐00097 2.2E+04 0 0.00 0.00 ‐ 0.04 NE‐00098 3.1E+06 0 0.0 0.0 ‐ 5.9

Location #38 8.9 NE‐00127 3.1E+04 0 0.00 0.00 ‐ 0.06 NE‐00128 2.6E+06 0 0.0 0.0 ‐ 5.0

Location #39 7.5 NE‐00125 1.2E+04 0 0.00 0.00 ‐ 0.02 NE‐00126 5.1E+06 0 0.0 0.0 ‐ 9.8

Location #40 6.6 NE‐00219 4.9E+04 17 0.8 * 0.55 ‐ 1.22 NE‐00220 1.6E+06 0 0.0 * 0.0 ‐ 3.2

Location #41 10.3 NE‐00147 9.3E+04 0 0.00 0.00 ‐ 0.18 NE‐00148 9.7E+06 0 0.0 0.0 ‐ 18.7

Location #42 10.3 NE‐00102 1.5E+04 4 0.06 0.02 ‐ 0.12 NE‐00103 2.6E+06 0 0.0 0.0 ‐ 4.9

Location #43 12.5 NE‐00106 2.1E+04 2 0.04 0.01 ‐ 0.12 NE‐00107 3.6E+06 0 0.0 0.0 ‐ 7.0

Location #44 15.1 NE‐00151 6.3E+04 0 0.00 0.00 ‐ 0.12 NE‐00152 9.1E+06 0 0.0 0.0 ‐ 17.5

Location #45 14.3 NE‐00159 6.3E+04 0 0.00 0.00 ‐ 0.12 NE‐00160 9.9E+06 0 0.0 0.0 ‐ 19.0

Location #46 8.6 NE‐00123 1.3E+04 0 0.00 0.00 ‐ 0.02 NE‐00124 3.2E+06 0 0.0 0.0 ‐ 6.2

Location #46 8.6 NE‐00121 1.1E+04 0 0.00 0.00 ‐ 0.02 NE‐00122 3.8E+06 0 0.0 0.0 ‐ 7.4
Location #47 10.5 NE‐00205 2.7E+04 0 0.00 0.00 ‐ 0.05 NE‐00206 5.7E+06 0 0.0 0.0 ‐ 10.9

Location #48 7.6 NE‐00137 3.7E+04 1 0.04 0.01 ‐ 0.15 NE‐00138 5.7E+06 1 5.7 1.0 ‐ 22.2

Location #49 8.0 NE‐00235 3.7E+04 16 0.6 * 0.38 ‐ 0.87 NE‐00236 1.5E+06 1 1.5 * 0.3 ‐ 6.0

Location #50 6.4 NE‐00203 3.4E+04 1 0.03 0.01 ‐ 0.13 NE‐00204 5.2E+06 0 0.0 0.0 ‐ 10.1

Location #51 5.1 NE‐00237 4.5E+03 1 0.004 * 0.00 ‐ 0.02 NE‐00238 9.0E+05 6 5.4 * 2.7 ‐ 10.1

+ One or more chrysotile structures were noted in this sample. * Sample preparation deviated from SAP/QAPP, see Laboratory Modification #LB‐000092.

CI = confidence interval

cm‐2 = per square centimeter

Conc. = concentration

g‐1 = per gram

ID = identification

LA = Libby amphibole

Ms/cm2 = million structures per square centimeter

Ms/g, dw = million structures per gram (dry weight)

N = number
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TABLE 5‐1
FIELD DUPLICATE COMPARISON

Panel A: Tree Bark

Sample ID
Sensitivity

(cm‐2)
N Total LA 
Structures

Surface 
Loading 

(Ms/cm2)

Field Sample NE‐00227 1.34E+04 6 0.08

Field Duplicate NE‐00242 6.12E+04 0 0.00

Field Sample NE‐00079 2.59E+04 0 0.00

Field Duplicate NE‐00081 1.14E+04 0 0.00

Field Sample NE‐00123 1.26E+04 0 0.00

Field Duplicate NE‐00121 1.09E+04 0 0.00

Panel B: Duff

Sample ID
Sensitivity

(g‐1)
N Total LA 
Structures

Conc. 
(Ms/g, dw)

Poisson Ratio Comparison
(90% confidence interval)

[0‐2.97]  The rates are not different

Both counts are 0; the rates are not 

different

Both counts are 0; the rates are not 

different

Poisson Ratio Comparison

(90% confidence interval) [a]

Location Sample Type

Tree Bark

Duff

Location #16

Location #18

Location #46

Location Sample Type

*

Field Sample NE‐00228 3.62E+06 7 25.4

Field Duplicate NE‐00243 4.58E+05 3 1.4

Field Sample NE‐00080 3.97E+05 0 0.0

Field Duplicate NE‐00082 4.89E+05 0 0.0

Field Sample NE‐00124 3.25E+06 0 0.0

Field Duplicate NE‐00122 3.84E+06 0 0.0
[a] Rate 1 = field sample; Rate 2 = field duplicate

cm‐2 = per square centimeter * Sample preparation deviated from SAP/QAPP, see Laboratory Modification #LB‐000092.

Conc. = concentration

g‐1 = per gram

ID = identification

LA = Libby amphibole

Ms/cm2 = million structures per square centimeter

Ms/g, dw = million structures per gram (dry weight)

N = number

[5.13‐82.75]  Rate 1 is greater than 

Rate 2

Both counts are 0; the rates are not 

different

Both counts are 0; the rates are not 

different
Location #46

Location #16

Location #18

*



TABLE 5‐2
EVALUATION OF REPLICATE ANALYSES FOR TREE BARK AND DUFF

Panel A: Tree Bark

Sensitivity 

(cm‐2)
N Total LA 
Structures

Sensitivity 

(cm‐2)
N Total LA 
Structures

Sensitivity 

(cm‐2)
N Total LA 
Structures

Location #09 5.8 NE‐00223 * 14,686 2 0.03 13,360 0 0.0 13,360 0 0.0 0.01

Location #14 4.5 NE‐00115 28,271 4 0.1 28,271 3 0.08 28,271 3 0.08 0.09

Location #20 7.7 NE‐00087 23,189 110 2.6 23,189 113 2.6 23,189 88 2.0 a 2.4

Location #36 9.6 NE‐00095 51,291 0 0.0 34,194 0 0.0 34,194 0 0.0 0.00

Location #40 6.6 NE‐00219 * 48,952 17 0.8 6,680 2 0.01 b 91,849 8 0.7 0.5

Panel B: Duff

Sensitivity

(g‐1)
N Total LA 
Structures

Sensitivity

(g‐1)
N Total LA 
Structures

Sensitivity

(g‐1)
N Total LA 
Structures

Location #03 11.3 NE‐00212 * 3.2E+05 1 0.3 4.3E+05 1 0.4 4.7E+05 0 0.0 0.3

Mean 
Surface 
Loading 

(Ms/cm2)

Mean Conc.
(Ms/g, dw)

Tree Bark

Duff

Replicate #1

Surface 
Loading 

(Ms/cm2)

Replicate #2

Surface 
Loading 

(Ms/cm2)

Surface 
Loading 

(Ms/cm2)

Replicate #3

Replicate #1 Replicate #2 Replicate #3

Conc.
(Ms/g, dw)

Conc.
(Ms/g, dw)

Conc.
(Ms/g, dw)

Sample ID

Sample ID
Location

Approx. 
Distance 
from Mine 
Site (miles)

Location

Approx. 
Distance 
from Mine 
Site (miles)

Location #06 11.8 NE‐00144 9.9E+06 1 10 9.9E+06 1 10 9.9E+06 1 10 10

Location #12 5.1 NE‐00216 * 4.8E+05 6 2.9 2.0E+06 1 2.0 2.0E+06 0 0.0 1.6

Location #16 5.0 NE‐00228 * 3.6E+06 7 25 c 5.4E+05 1 0.5 6.1E+05 2 1.2 9.0

Location #25 10.5 NE‐00132 4.1E+06 0 0.0 2.8E+06 0 0.0 2.8E+06 0 0.0 0.0

cm‐2 = per square centimeter Poisson ratio comparison test footnotes:

Conc. = concentration a  Replicate #3 is lower than Replicate #2

g‐1 = per gram b  Replicate #2 is lower than both Replicate #1 and Replicate #3

ID = identification c  Replicate #1 is higher than both Replicate #2 and Replicate #3

LA = Libby amphibole

Ms/cm2 = million structures per square centimeter * Sample preparation deviated from SAP/QAPP, see Laboratory Modification #LB‐000092.

Ms/g, dw = million structures per gram (dry weight)

N = number
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